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Abstract
Non-stationary saturation of inhomogeneously broadened EPR lines is in-
vestigated under effective cross-relaxation. The generalized kinetic equations
are solved and the complex susceptibility is calculated. All quantities change
in time exponentially.
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Saturation of inhomogeneously broadened EPR (electron paramagnetic reso-
nance) lines [6] has been studied in detail in the stationary case. It is of substantial
theoretical and applied interest to investigate the temporal attainment of the sta-
tionary state in such systems, which are described by the macroscopic parameters
β(ω′, t) and βd(t), the inverse temperatures of the spin packet (SP) with the fre-
quency ω′ and the dipole reservoir (DR), respectively [2].4 According to [2], [7], the
system of the generalized kinetic equations has the following form:
∂β(ω′, t) +
β(ω′, t)− βL
TSL
+ piω21ϕ(ω
′ − Ω)
[
β(ω′, t) +
Ω− ω′
ω′
βd(t)
]
−
− 1
ω′
∫
dω′′ g(ω′′ − ω0) WCR(ω′′ − ω′)×
× [ω′′β(ω′′, t)− ω′β(ω′, t) + (ω′ − ω′′)βd(t)] = 0 (1)
∂βd(t) +
βd(t)− βL
TDL
+
1
ω2d
∫
dω′ g(ω′ − ω0) ω′ (ω′ − Ω)×
×
[
∂β(ω′, t) +
β(ω′, t)− βL
TSL
]
= 0 (2)
Here: ∂ denotes the time derivative; βL = const is the inverse temperature of the
lattice; ω1 and Ω are the semi-amplitude and the frequency of the UHF (ultrahigh
frequency) field; ω0 is the Zeeman frequency of the external constant magnetic field;
TSL and TDL are the SP and DR spin-lattice relaxation times, respectively; ωd is the
DR energy “quantum”; WCR(ω
′′ − ω′) is the probability of cross-relaxation (CR);
ϕ(x) and g(x) are the homogeneous and inhomogeneous line forms, respectively.
In this note we study the non-stationary saturation of inhomogeneously broad-
ened lines under effective cross-relaxation. In [7] the stationary limit of this case
was studied, albeit the criterium for the applicability of such an approximation was
not determined.
Let us define
∆2CR =
∫
dx WCR(x) x
2∫
dx WCR(x)
(3)
∆∗2 =
∫
dx g(x) x2 (4)
If the following condition
∆CR  ∆∗ (5)
holds, then, within the inhomogeneity of the line, the function WCR(ω
′′ − ω′) is
essentially constant and in (1) we can replace it with WCR(0), which gives the fol-
lowing simplified equation:
4 For additional related literature, see, e.g., [3], [1], [4], and references therein.
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∂β(ω′, t) +
β(ω′, t)− βL
TSL
+ piω21ϕ(ω
′ − Ω)
[
β(ω′, t) +
Ω− ω′
ω′
βd(t)
]
−
− WCR(0)
ω′
∫
dω′′ g(ω′′ − ω0)×
× [ω′′β(ω′′, t)− ω′β(ω′, t) + (ω′ − ω′′)βd(t)] = 0 (6)
The system of equations (6) and (2) can be integrated in quadratures; however, the
solution is very bulky. Therefore, let us assume that
WCR(0) T−1SL + piω21ϕ(x) (7)
That is, the CR is much more intensive than the saturation and the spin-lattice
relaxation. The conditions (5) and (7) define the criterium for effective CR. Fur-
thermore, let us focus on the timescales
t W−1CR(0) (8)
much longer than the characteristic CR time.
In the leading approximation in (5), (7) and (8), we have
β(ω′, t) = [ω0β(ω0, t) + (ω′ − ω0)βd(t)] /ω′ (9)
The deviation of the spin system from the equilibrium is due to the line saturation
by the UHF field and can be deduced via the following exact equation:∫
dω′ g(ω′ − ω0) ω′ {∂β(ω′, t) + [β(ω′, t)− βL]/TSL +
+ piω21ϕ(ω
′ − Ω)[β(ω′, t) + (Ω− ω′)βd(t)/ω′]} = 0 (10)
This equation follows from (1) via multiplying the latter by ω′g(ω′ − ω0) and inte-
grating over all ω′.
The system of equations (9), (10) and (2) is straightforwardly integrable. The
solution, with the equilibrium initial conditions β(ω′, 0) = βd(0) = βL and taking
into account that TSL/TDL = 2 or TSL/TDL = 3 and ωd  ∆∗ [7], has the following
form:
[βL − βd(t)]/βL = piω21Ω(Ω− ω0)τG(Ω− ω0) [1− exp(−t/τ)] /∆∗2 (11)
[βL − β(ω′, t)]/βL = piω21ΩτG(Ω− ω0)[1 + (Ω− ω0)(ω′ − ω0)/∆∗2]×
× [1− exp(−t/τ)] /ω′ (12)
where
G(x) =
∫
dy g(x+ y) ϕ(y) (13)
τ−1 = T−1SL + piω
2
1G(Ω− ω0)[1 + (Ω− ω0)2/∆∗2] (14)
2
In the stationary limit (t→∞), the solution given by (11) and (12) reduces to the
result of [7].
Usually, experimentally one measures not β(ω′, t) and βd(t) but the absorption
and dispersion signals χ′′(ω,Ω, t) and χ′(ω,Ω, t) (here ω is the frequency of the
detecting field). The general formulas for these signals have the following form:
χ′′(ω,Ω, t) = piχ0(2βL)−1
∫
dω′ g(ω′ − ω0) ϕ(ω − ω′)×
× [ω′β(ω′, t) + (ω − ω′)βd(t)] (15)
χ′(ω,Ω, t) =
1
pi
∫
dξ χ′′(ξ,Ω, t) (ξ − ω)−1 (16)
where χ0 is the static susceptibility, and the integral in (16) is understood in the
principal value sense. The equilibrium signals are given by
χ′′0(ω) = piχ0ωG(ω − ω0)/2 (17)
χ′0(ω) =
1
pi
∫
dξ χ′′0(ξ) (ξ − ω)−1 (18)
Plugging (11) and (12) into (15) and (16), we get
χ′′(ω,Ω, t) = χ′′0(ω)β(ω, t)/βL (19)
χ′(ω,Ω, t) = χ′0(ω)βd(t)/βL − piω21ΩτG(Ω− ω0)×
× [1− ω0(Ω− ω0)/∆∗2] [1− exp(−t/τ)] [χ′0(ω)− χ0/2]/ω (20)
Let us introduce the following integral observable:
S(Ω, t) =
∫
dω χ(ω,Ω, t) (21)
where (i2 = −1)
χ(ω,Ω, t) = χ′(ω,Ω, t)− i χ′′(ω,Ω, t) (22)
is the complex susceptibility. Using the dispersion relations for χ(ω,Ω, t), one can
show the following general result:
S(Ω, t) = ipi lim
ω→∞
ω χ(ω,Ω, t) (23)
That is, S(Ω, t) is determined by the asymptotic of the complex susceptibility at
infinity, which is a direct consequence of the causality principle.
Finally, let us mention that all quantities change in time exponentially, and,
furthermore, substantial deviations from the equilibrium arise at timescales of order
τ  1/WCR(0); therefore, the condition (8) is not restrictive.
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